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1. Introduction 
The metalloprotein erythrocuprein has been known 
for 35 years [ 11, but the discovery of its enzymatic 
function by McCord and Fridovich [2] as a dismutase 
of superoxide radicals has occurred only 30 years after. 
More recently evidence has been produced that singlet 
oxygen is produced in biological systems [3-61, and 
that SOD’, besides its dismutase activity, is capable 
of transforming singlet oxygen to ground state triplet 
oxygen [7,8 1. Some reports, however, did not confirm 
the proposed ‘singlet oxygen decontaminase’ activity 
of the enzyme [lo-121. 
The problem has been reinvestigated by studying 
the effect of SOD on the peroxidation of linoleic 
acid by lipoxidase. This reaction, in fact, has been 
demonstrated to yield as an intermediate only O2 * 
and not superoxide radicals [4,10,11]. Thus an 
inhibition of linoleic acid peroxidation by SOD 
would be indicative that this enzyme can catalyze 
singlet to triplet oxygen transformation. Moreover, 
since Oa * has a half life of 2 psec in Ha 0 [ 141, but 
ten-fold as high in Da 0 [ 151, it is expected that a 
more pronounced inhibition of SOD would be visible 
’ Abbrevintions: SOD, superoxide dismutase, DPF, diphenyl- 
furan, Cu(Tyr),, Tyrosyl-Tyrosine copper chelate. 
in heavy water, as a consequence of a more favourable 
competition with the process of solvent induced decay 
of singlet oxygen. 
2. Materials and methods 
Soybean lipoxidase type I was obtained from Sigma 
Chemical Company, St. Louis, MO. U.S.A. and used 
without further purification. Bovine erythrocuprein 
(Superoxide dismutase) was from Miles Laboratories, 
Inc., Kankaee, I1 1. U.S.A. and dissolved in 50 mM 
potassium phosphate pH 7.4. Deuterium oxide 
(approx. 99.7%) was from Sigma and Fluka AC, Buchs, 
Switzerland. Diphenylfuran was obtained from 
Eastman Kodak Co., Rochester, N.Y., USA. Linoleic 
acid (98%) was from Schuchardt, Munich, Germany. 
50 d were dissolved in 50 ~1 ethanol and mixed with 
5 ml borate buffer of a pH or pD = 8.6. Appropriate 
amounts of this stock solution were diluted into borate 
buffer (pH or pD = 8.6). 
Formation of lipid peroxides was recorded with a 
thermostated Hitachi-Perkin-Elmer spectrophotometer 
(Model 124) at 234 nm. The temperature was kept at 
36°C. 
Cu(tyr)z was a kind gift of Regina Brigelius, Uni- 
versity of Tubingen, Germany. Water was distilled twice. 
All other reagents employed were of analytical grade. 
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Table 1 
Effect of different agents on the lipid peroxidation produced by lipoxidase 
Additions pmol peroxides % 
formed/min 
(initial rate) 
pmol peroxides % 
formed (5 min 
incubation) 
No inhibitor 
5 ~1 DPF 6 mM in MeOH 
5 ~1 MeOH 
5 ~1 EtOH 
20 ~1 boiled SOD 100 /.rM 
20 ~1 native SOD 100 PM 
10 111 native SOD 500 PM 
20 ~1 native SOD 500 PM 
153.18 100 682.10 100 
78.25 51.1 366.30 53.7 
128.20 83.7 582.75 85.4 
158.17 103.2 715.95 105.0 
149.85 97.8 599.40 87.9 
103.23 67.8 449.55 65.8 
59.94 39.1 266.40 39.0 
49.95 32.6 233.10 34.1 
Experimental conditions: Lipid peroxide formation recorded at 234 nm: 2.5 ml D,O 
buffer, 0.2 M borate pD 8.6, 2.66 PM linoleic acid, 36°C. The reaction was started by 
adding lipoxidase to a final concentration of 8 X 10m9 M. 
3. Result and discussion 
The experiments reported in table 1 were performed 
in order to establish whether the lipoxidase-linoleic 
acid system, under our experimental conditions, produc- 
ed singlet oxygen as detected by the increase in absor- 
bance at 234 nm, due to the formation of hydroperox- 
ides [ 131. It can be seen in table 1 that in the presence 
of 8 X 10y9 M lipoxidase and 2.66 X 10m6 M linoleic 
acid indeed a time dependent increase in absorbance 
occurs, indicative of hydroperoxide production as the 
consequence of the intermediate formation of O2 * in 
the enzyme system. A confirmation that O2 * was 
formed under our conditions comes from the effect of 
diphenylfuran, an efficient and selective 0s * scavenger 
[ 161 which produced at a concentration of 1.2 X 1 O-’ 
an inhibition of 49%. In this system native SOD, but 
not the boiled enzyme, appears to be effective at a 
concentration of 2 X 10e6 M to reduce lipid peroxide 
formation to 39.1%. Since intermediates of the llnoleic 
acid peroxidation other than O2 * such as peroxides 
and tetroxides [13] are not likely to react with SOD 
it appears that the inhibition of the peroxidation is a 
consequence of a decrease in O2 * levels caused by 
SOD. Homolytic cleavage of the oxygen-oxygen bond 
in hydroperoxides occurs easily and yields the highly 
reactive hydroxyl radical OH [ 171. Ethanol is known 
to quench this radical effectively with a rate constant 
of 1.85 X lo9 M-’ set-’ [18]. In our experiment 
2.4 X lo-’ M ethanol did not affect appreciably the 
initial rate of peroxide formation. 
The steady state concentration of [O, *lss in a 
system in which linoleic acid and lipoxidase is present, 
and solvent relaxation of [O, *] to ground state 
oxygen occurs, is given by the following equation [21] : 
vo 
[02*]ss = 
kl +k2 [Ll 
where V. is the rate of formation of O2 *, k, is the 
first-order rate constant of O2 * relaxation to ground 
state, and k2 [L] is the apparent rate constant of the 
reaction of singlet oxygen with linoleic acid to yield 
the hydroperoxide. If SOD is also present a decrease 
in the [O, *I, should be seen as a consequence of 
the presence in the denominator in equation 1 of the 
quantity k3 [02 *] , the second order rate constant 
of SOD if this enzyme is able to use O2 * as a substrate. 
Vice versa if relaxation to ground state occurs in D20, 
it is expected that the first order rate constant kl 
decreases up to ten-fold with the consequence of an 
increase in the [02*lss. Since the level of [02 *I, can 
be detected as formation of peroxides this parameter 
should be sensitive to the nature of the solvent and 
the presence of SOD. Moreover, the rate of formation 
of peroxides should be more sensitive to SOD in D20 
than in H20. 
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Fig. 1. Inhibition by SOD of lipid peroxide formation in D, 0 and H, 0 buffer 
Fig.1 shows the inhibition by SOD of lipid peroxide 
formation in DzO and Hz0 buffer. The initial rate in 
the absence of SOD (= 100%) was 153 pmol/min in 
DzO and 133 pmol/min in HzO. Qualitatively identical 
results were obtained determining the amount of 
hydroperoxides formed during an incubation time of 
5 min. In each case there is a stronger inhibition by 
SOD in heavy water compared to light water. These 
results are in agreement with the consideration that 
at a given concentration of linoleic acid there is a 
competition for 02* between the solvent and SOD, 
and that SOD can prevent the formation of hydroper- 
oxides in this system. 
Superoxide dismustase activity is not restricted to 
SOD. The free Cu’+aq complex and cupric-peptide 
chelates show a very fast dismutation as studied by 
pulse radiolysis [ 191. To investigate whether the 
reaction of SOD with 02* is a specific property of 
the enzyme we tested the effect of the chelate 
Cu(Tyr)? in our system. The results are presented 
in table 2. Using the inhibition of adrenochrome 
formation in the system xanthine-xanthine oxidase 
as an indicator for dismutase activity we confirmed 
that Cu(Tyr)* is able to dismutase 0,. 2 PM SOD 
caused a 48% inhibition of adrenochrome formation. 
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Using the lipoxidase-linoleic acid system as a 
generator of 02* the enzyme as shown above proved 
to be very effective in competing with linoleic acid 
for 02*. The model complex, however, showed only 
a very low activity, similar to that exhibited by the 
boiled enzyme. These results strongly support the 
idea of the specificity of SOD only in the reaction 
with 02* and not in that with 02- radicals. 
In conclusion it appears that the linoleic acid- 
lipoxidase system is competent in producing 02* 
in line with previous evidence. Moreover, the effect 
Table 2 
Cu(Tyr), as a quencher of 0, *. and 0, ‘_ 
Lipoxidase system Xanthine oxidase 
system 
2 PM SOD 40% 48% 
1.2 PM Cu (Tyr), 8% 35% 
Experimental conditions: The lipoxidase-linoleic acid system 
was similar to that reported in table 1, but in H,O buffer. The 
xanthine-xanthine oxidase system was that reported previous- 
ly 1201. The % inhibition of the production of hydroperoxides 
at 234 nm was determined after 5 min reaction time. 
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of SOD to inhibit the formation of the peroxide 
strongly suggest hat this enzyme is capable of 
catalyzing singlet triplet O2 transformation. Such 
a conclusion is further substantiated by the effect 
of DsO as a solvent, in which the inhibition of the 
peroxide production by SOD is more pronounced. 
While SOD reacts with either 02- or 02* species, 
a copper chelate complex Cu(Tyr), appears instead 
to be competent in catalyzing only the reaction 
with 02- as a substrate. This implies a greater 
structural complexity for the catalysis of 02* decay 
to ground state than for 02- dismutation to HzOz 
and Oz. 
References 
[II 
PI 
]31 
141 
l51 
Mann, T. and Koilin, D. (1939) Proc. Roy. Sot., London, 
Ser. B., Biol. Sci. 126, 303. 
McCord, J. M. and Fridovich, I. (1968) J. Biol. Chem. 
243,5753. 
Arneson, R. M. (1970) Arch. Biochem. Biophys. 136, 
352. 
Chan, H. W. S. (1971) J. Amer. Chem. Sot. 93,2357. 
Krishnamurty, H. G. and Simpson, F. J. (1970) J. BioL 
Chem. 245,1467. 
[6] Matsuura, T., Matsushima, H. and Sakamoto, H. (1967) 
J. Amer. Chem. Sot. 89, 6370. 
[7] Finazzi Ago, A., Giovagnoli, C., DeSola, P., Calabrese, L., 
Rotilio, G. and Mondovi, B. (1972) FEBS Lett. 21, 183. 
[8] Paschen, W. and Weser, U. (1973) Biochem. Biophys. 
Acta 327, 217. 
[9] Loschen, G., Azzi, A., Richter, C. and Flohe, L. (1974) 
FEBS Lett. 42, 68. 
[lo] Michelson, A. M. (1974) FEBS Lett. 44,97. 
[ 111 Coda, L., Kimura, T., Thayer, A. L., Kees, K., Schaap, 
A. P. (1974) Biochem. Biophys. Res. Commun. 58,660. 
[12] Schaap, A. P., Thayer, A. L., Faler, G. R., Goda, L. and 
Kimura, T. (1974) J. Amer. Chem. Sot. 96,4025. 
(131 Smith, W. L. and Lands, W. E. M. (1972) J. Biol. Chem. 
247, 1038. 
[14] Merkel, P. D. and Keams, D. R. (1972) J. Amer. Chem. 
Sot. 94, 7244. 
[ 151 Merkel, P. D., Nilsson, R. and Keams, D. R. (1972) J. 
Amer. Chem. Sot. 94, 1030. 
[ 161 Khan, A. N. (1970) Science 168,476. 
[17] Pryor, U. A. (1970) Sci. Amer. 223, 70. 
[ 181 Neta, P. and Dorfman, L. M. (1968) Advan. Chem. Ser. 
81, 222. 
[19] Brigelius, R., Spottl, P., Box, W., Lengfelder, E., 
Saran, M., Weser, U. (1974) FEBS Lett. 47,72. 
[ 201 McCord, J. M. and Fridovich, I. (1969) J. Biol. Chem. 
244,6049. 
[21] Porter, D. J. T. and Ingraham, L. L. (1974) Biochim. 
Biophys. Acta 334, 97. 
303 
